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STUDIES  OF  THE  DISTURBED  UPPER  ATMOSPHERE 
UTILIZING  ROCKETBORNE  INSTRUMENTATION 


Introduction 

This  report  details  work  performed  between  1 March  1974  and  31  August 
1977  by  Utah  State  University  under  Contract  F19628-74-C-0130.  These 
efforts  have  been  directed  toward  studying  the  disturbed  upper  atmosphere 
using  rocketbome  instrumentation  to  measure  the  energy  deposition, 
electrons,-  ions,  and  chemical  composition.  In  conducting  these  studies, 
effort  was  devoted  to  design  and  fabrication  of  sounding  rocket  payloads, 
development  of  new,  improved  measurement  techniques,  and  the  utilization 
of  the  techniques  and  rocket  payloads  to  carry  out  the  field  measurements 
for  auroral,  polar,  and  other  research  programs. 

Many  of  the  research  areas  performed  under  this  contract  have  been 
previously  reported  in  detail  in  six  scientific  report  issued  under  this 
contract  and  hence  will  only  be  briefly  summarized  here.  Those  areas  not 
completely  covered  by  scientific  reports  will  be  detailed  in  this  report. 
Table  1 summarizes  the  major  areas  of  research  completed  under  this  con- 
tract. In  the  sections  to  follow,  these  major  areas  of  research  will  be 
discussed.  Since  the  research  programs  are  centered  around  rocket  mea- 
surements, a summary  of  the  rocket  flights  carried  out  under  this  contract 
is  included  in  Table  2 for  reference. 
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TABLE  2 

CHRONOLOGICAL  SUMMARY  OF  ROCKET  FLIGHTS 


• 

CONTRACT  F19628- 

74-C-0130 

* 

Rocket  Type 
and  No. 

Launch 

Site* 

Launch  Date 
& Time (GMT) 

Experiment 

Instruments 

Nike-Javelin 

NJ74-1 

PFA 

11  Apr  1974 

0800 

Auroral  Short 
Wave  Infrared 

CVF  Spectrometer, 

IR  Horizon  Sensor, 
Magnetometer, 

Recovery  beacon 

Astrobee  D 

A30. 413-1 

PFA 

11  Apr  1974 

2338 

Ions/Electrons 

Gerdien  Condenser, 

Z-0  Probe, 

IR  Horizon  Sensor, 
Magnetometer 

Astrobee  D 

A30. 413-2 

PFA 

12  Apr  1974 

2325 

D-regicn 

Propagation 

VLF  Receiver 

Magnetometer 

Paiute-Tomahawk 
A10. 312-3 

PFA 

18  Apr  1974 

0840 

E- field  & 

Auroral 

Parameters 

E-field,  Electron 
Spectrometer, 

Particle  Counter, 

Langmuir  Probe 

Photometer, 

Electrostatic  Analyzer, 
Hyperbolic  RPA, 

Plasma  Frequency  Probe, 

IR  Horizon  Sensor, 
Magnetometer,  Gyro 

Astrobee  D 

IC  503.22-1 

PFA 

26  Feb  1975 

2250 

Ions /Electrons 

Gerdien  Condenser, 

Z-0  Probe, 

IR  Horizon  Sensor, 

Magnet 

Astrobee  D 

IC  503.14-3 

PFA 

1 Mar  1975 

0100 

Hydroxyl 
(baffle  test) 

2-channel  Baffled  Radiometer 
Magnetometer, 

Sun  Sensor 

• 

Astrobee  D 

IC  506.14-2 

PFA 

1 Mar  1975 

0739 

Hydroxyl 
(quiet  night) 

2-channel  Radiometer 
Magnetometer , 

IR  Horizon  Sensor 

Honest- John 
Nike-Javelin 

IC  511.21-1A 

PFA 

11  Mar  1975 

0633 

E- fie Id  & 

Auroral 

Parameters 

E-field,  Electron 
Spectrometer, 

Particle  Counter, 

Langmuir  Probe,  Photometer, 

Electrostatic  Analyzer, 
Hyperbolic  RPA,  Plasma 
Frequency  Probe,  IR  Horizon 
Sensor,  Magnetometer,  Gyro 
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TABLE  2 (cont.) 


Rocket  Type 
and  No. 

Launch 

Site* 

Launch  Date 
& Time (GMT) 

Expert  ent 

Instruments 

Astrobee  D 
A30. 311-8 

WSMR 

2 Dec  1975 
1250 

Hydroxyl 

2-channel  Baffled 
Radiometer,  Range 
Receiver,  Magnetometer, 
IR  Horizon  Sensor 

Astrobee  D 
A30. 311-5 

WSMR 

2 Dec  1975 
1350 

Hydroxyl 

2- channel  Baffled 
Radiometer,  Range 
Receiver,  Magnetometer, 
Sun  Sensor 

Astrobee  D 
A30. 311-7 

WSMR 

2 Dec  1975 
1600 

Hydroxyl 

2-channel  Baffled 
Radiometer,  Magnetometer, 
Range  Receiver , 

Sun  Sensor 

Astrobee  D 
A30.413-5 

WSMR 

3 Dec  1975 
0035 

Atomic 

Oxygen 

Resonance  Scattering 

Lamp  & Detector, 
Magnetometer,  IR  Horizon 
Sensor 

Astrobee  D 
A30.205-7 

WSMR 

3 Dec  1975 
0059 

Hydroxyl 

2-channel  Baffled 
Magnetometer,  Range 
Receiver,  Sun  Sensor 

Astrobee  D 
A30. 413-4 

WSMR 

3 Dec  1975 
0200 

Atomic 

Oxygen 

Resonance  Scattering 

Lamp  & Detector, 
Magnetometer, 

IR  Horizon  Sensor 
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E-FIELD,  ENERGY  INPUT  MEASUREMENTS 
ASSOCIATED  WITH  AURORAL  ARC 

PAIUTE-TOMAHAWK  10.312-3  AND  HONEST- JOHN  NIKE- JAVELIN  511. 21-LA 


Introduction 

During  the  duration  of  Contract  F19628-74-C-0130,  two  rocketborne 
payloads  have  been  developed  and  used  for  the  investigation  of  electric 
fields,  light  emissions,  spectral  energy  distribution  of  particles  and 
electron  density  and  temperature  associated  with  an  auroral  arc.  The 
program  provided  for  a recoverable  payload  to  be  utilized  in  the  initial 
flight;  this  recovered  payload  was  then  refurbished  (with  minor  modifica- 
tions), recalibrated,  and  used  again  in  the  second  portion  of  the  program. 
The  initial  flight  used  a Paiute-Tomahawk  (10.312-3)  vehicle  configuration 
and  was  accomplished  from  the  Poker  Flat,  Alaska,  Research  Range  on 
18  April  1974;  the  second  flight  of  the  payload  was  aboard  an  Honest-John 
Nike-Javelin  (IC  511.21-1A)  vehicle  configuration  and  was  also  launched 
from  the  Poker  Flat  facility  on  11  March  1975. 

Complete  details  of  the  Paiute  Tomahawk  10.312-3  payload  as  used  in 
its  first  flight  have  been  thoroughly  reported  as  noted  below. 


Howlett,  L.C.  and  R.J.  Bell,  Rocketborne  instrumentation  for 
the  measurement  of  electric  fields  - Paiute  Tomahawk 
10.312-3,  USU  Soi.  Rept.  No.  2 , AFCRL-TR-7 5-0023 , 91  pp.. 
Contract  F19628-74-C-0130,  Space  Science  Laboratory,  Utah 
State  University,  Logan,  Utah,  Jan  1975. 

Abstract 

On  18  April  1974,  Paiute-Tomahawk  10.312-3  was  launched 
from  Poker  Flat  Research  Range,  Alaska,  as  part  of  the  ICECAP  74B 
COMMOCAP  Program.  Included  in  the  payload  were  eight  instruments 
to  measure  various  auroral  parameters.  Of  prime  interest  was  the 
measurement  of  the  magnitude  and  direction  of  the  electric  field 
in  and  over  an  auroral  arc.  Measurements  were  also  made  of  the 
spectral  energy  distribution  of  primary  and  secondary  particles, 
auroral  light  emission,  and  electron  flux  density  and  temperature. 

Good  data  were  received  from  seven  of  the  eight  experiments 
flown  on  PT  10.312-3.  Following  data  acquisition  the  recovery 
system  was  activated  and  the  payload  was  recovered  intact  the 
following  morning. 


hr  ___  - - --- - . 
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Honest-John-Nike-Javelin  IC  511.21-1A 

The  above  investigations  continued  with  the  launch  of  the  refurbished/ 
recalibrated  payload  aboard  Honest-John-Nike-Javelin  IC  511.21-1A.  This 
vehicle  was  launched  at  0633: 09 . 04 (GMT)  on  11  March  1975.  The  instrumented 
package  achieved  an  apogee  of  183.2  km  and  overflew  a stable  auroral  arc. 

With  the  exceptions  noted  below  the  payload  has  been  completely 
described  by  Hewlett  and  Bell,  [1975]  (above)  and  will  not  be  described 
further  here.  A complete  listing  of  instruments  is  included  however,  for 
easy  reference  (Table  3) . The  placement  of  instruments  and  associated 
look  angles  were  also  the  same  as  for  the  earlier  flight.  These  are 
shown  in  Figure  1. 

Two  modifications  were  made  to  the  payload  for  its  second  application. 
First,  the  gyro  notch  was  located  at  7°12'  (clockwise,  looking  from  the 
front*) on  the  payload.  Secondly,  a small  sensor  was  added  to  the  payload 
in  order  to  determine  whether  this  instrument  could  be  used  for  obtaining 
payload  attitude  if  the  payload  did  not  include  a gyro. 

Results 

The  flight  of  IC  511.21-1A  was  successful  and  provided  data  to  fulfill 
the  objectives  of  the  mission.  Of  the  eight  major  instruments  aboard  the 
paylaod,  seven  (all  but  the  plasma  frequency  probe)  provided  good  data 
throughout  the  flight. 


*With  respect  to  vehicle  launch  lug. 
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TABLE  3 

HONEST- JOHN  NIKE- JAVELIN  IC  511.21-IA  PAYLOAD  INSTRUMENTATION 


Instrument 

Model /SN 
(Manufacturer) 

Measurement  or  Function 

Instrumentation  for  Measurements 

E-field  probe 

NASA  //6 

E-field 

Electrostatic  analyzer 

ESA  202 

Primary  electron  spectra 

Horizon  sensor 

USU  IR-75-1 

Langmuir  probe 

USU  LP72-4A 

Electron  density,  temperatur< 

Magnetometer 

Schonstedt 

RAM-5C  //7080 

Retarding  potential  analyzer 
(HARP) 

Univ.  of  Mich. 
Mod  2 

Secondary  electrons  between 

1 ev  and  500  ev 

Plasma  frequency  probe 

USU  PFP  73A-1A 

Electron  density 

Electron  spectrometer 

USU  ES  73A-1A 
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Figure  1.  Configuration  of  HJNJ  511.21-1A  payload 
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DEVELOPMENT  OF  A ROCKETBORNE  ELECTRON  SPECTROMETER 

The  energy  spectra  of  electrons  which  precipitate  into  the  earth's 
atmosphere  and  result  in  aurora,  has  been  the  subject  of  extensive 
research  and  many  measurements.  Energies  above  ^1500  ev  have  been 
repeatedly  measured  by  such  instruments  as  the  familiar  spherical  plate 
electrostatic  analyzer  and  retarding  potential  analyzer,  but  measurements 
below  the  1500  ev  range  are  not  plentiful.  These  low  energy  electrons 
(<2  kev)  contain  enough  energy  for  several  ionizations,  which  require 
approximately  35  ev  per  ion  pair  created.  They  also  contain  enough  energy 
for  photon  emitting  excitation. 

The  need  for  additional,  high  resolution  measurements  within  the 
low  energy  range  resulted  in  the  design,  development,  calibration  and 
application  of  a rocketborne  electron  spectrometer  to  cover  the  energy 
range  from  100  to  1500  ev.  This  instrument  and  its  development  has  been 
thoroughly  described  in  a scientific  report  under  this  contract. 


Neal,  Parris  C.,  Design  and  calibration  of  a rocket-borne  electron 
spectrometer,  USU  Sci.  Rept.  No.  1 , HAES  Rept.  No.  8,  AFCRL- 
TR-74-0629 , 78  pp..  Contract  No.  F19628-74-C-0130,  Space 
Science  Laboratory,  Utah  State  University,  Logan,  Utah, 

Dec  1974. 


Abstract 

An  electron  spectrometer  was  designed,  calibrated  and  applied 
in  an  auroral  research  program  to  measure  the  electron  energy 
spectra  from  100  to  1500  ev.  The  approach  included  the  practical 
application  of  theoretical  mathematics  to  design  and  calibrate 
the  instrument.  Such  design  and  calibration  using  a digital  com- 
puter for  fast  analysis  can  be  used  in  the  creation  of  similar 
instruments . 
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GEOMETRIC  ASPECTS  OF  ROCKET  PHOTOMETRY 


Because  of  the  large  number  of  rocketborne  photometers  and  radio- 
meters employed  for  measurement  of  light  emissions  in  current  research 
programs,  a theoretical  study  of  the  geometric  factors  influencing 
rocketborne  optical  measurements  was  undertaken  to  assist  in  the  inter- 
pretation of  the  data  obtained.  The  subject  of  the  study  was  the 
derivation  and  application  of  a technique  to  transform  oblique  rocket 
photometric  measurements  of  emission  phenomena  to  vertical  altitude 
profiles  and  the  subsequent  derivation  of  volume  emission  rates  from 
these  measurements.  The  technique  and  its  application  have  been 
thoroughly  described  in  the  following  document. 


Grieder,  William  F.  and  Leo  A.  Whelan,  Geometric  apsects  of 

rocket  photometry,  USU  Sci.  Rept.  No.  3,  HAES  Rept.  No.  41, 
AFGL-TR-76-0046 , 107  pp..  Contract  F19628-74-C-0130,  Space 
Science  Laboratory,  Utah  State  University,  Logan,  Utah, 

Feb  1976. 


Abstract 

This  report  describes  the  derivation  and  application  of  a 
technique  to  transform  oblique  rocket  photometric  measurements 
of  emission  phenomena  to  vertical  altitude  (zenith)  profiles 
and  the  subsequent  derivation  of  volume  emission  rates.  The 
van  Rhijn  method  of  aspect  correction  is  analyzed  including 
limitations  of  the  method  when  applied  to  D and  E region  emission 
measurements.  A theoretical  study  is  presented  in  which  the  general 
rocketborne  photometer  geometry  is  solved  for  a set  of  practical 
volume  emission  rate  cases.  The  study  definitizes  the  effects  of 
finite  fields  of  view,  system  directional  responsivity  and  extinc- 
tion on  interpretation  of  measured  emission  data  and  derived 
volume  emission  rates.  The  results  of  the  theoretical  study  are 
applied  to  an  actual  photometric  measurement  accomplished  on  rocket 
A17. 110-3  flown  from  Poker  Flat  Rocket  Range  in  Alaska  on  16  March 
1972.  Zenith  profiles  are  derived  from  oblique  hydroxyl  emission 
measurements  in  the  band  1.67  to  1.90  ym,  made  at  60°,  70°,  and  80° 
zenith  angle  as  the  rocket  ascended.  Volume  emission  rates  deduced 
from  these  zenith  profiles  are  consistant  with  results  reported  in 
the  literature. 
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ROCKETBORNE  FARADAY  ROTATION  EXPERIMENT  ANALYSIS 

The  presence  of  free  electrons  in  the  ionosphere  cause  a VHF  signal 
to  divide  into  two  independently  propagating  modes.  Faraday  rotation 
(the  difference  in  phase  of  the  two  modes)  and  differential  absorption 
(the  difference  in  amplitude)  are  dependent  on  the  electron  density 
and  collision  frequency  to  differing  degrees  throughout  the  ionosphere. 

A computer  code  has  been  developed  to  calculate  the  propagation  of  a 
VHF  signal  from  the  ground  to  a rocket  moving  through  the  D-region  of 
the  ionosphere.  For  ranges  of  electron  density  and  collision  frequency 
profiles,  criteria  have  been  developed  to  select  frequencies  that  yield 
the  maximum  variations  in  the  Faraday  rotation  and/or  differential  ab- 
sorption for  the  given  density  and  collision  profiles.  Measurements  of 
differential  absorption  are  limited  primarily  by  the  determination  of 
the  amplitude  (signal  strength)  of  each  mode.  Measurement  of  Faraday 
rotation  is  limited  by  the  above  factor  as  well  as  by  the  ability  of  an 
electronics  system  to  differentiate  between  phase  nulls  of  the  Faraday 
rotation  and  the  nulls  of  a spinning-coning  rocket  antenna.  Different 
frequencies  have  their  maximum  change  in  absorption  and  rotation  at 
different  density  and  collision  conditions;  therefore,  a multifrequency 
experiment  is  desirable  to  cover  the  maximum  height  interval.  Errors 
introduced  by  rocket  coning,  telemetry,  and  signal-to-noise  levels 
have  been  investigated  and  implemented  into  the  code  to  improve  accuracy. 

A scientific  report  detailing  this  project  in  depth  has  been  submitted 
to  AFGL  as  follows: 


McCue,  R.A. , R.D.  Harris,  K.D.  Baker,  and  C.D.  Westlund,  Analysis 
of  the  Faraday  rotation-differential  absorption  technique 
for  D-region  measurements,  USU  Sai.  Rept.  No.  4,  AFGL- 
97  pp. , Contract  F19628-74-C-0130,  Space  Science  Laboratory, 

Utah  State  University,  Logan,  Utah,  Aug  1977. 

Abs tract 

This  report  describes  the  optimization  of  a radio  propagation 
experiment  suitable  for  studies  of  the  ionospheric  D-region  utilizing 
relatively  low  power,  portable  ground-based  transmitters  and  simple 
receivers  aboard  small  sounding  rockets. 
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A wave  propagation  model  has  been  developed  that  numerically 
calculates  the  radio  signal  that  would  be  received  by  a dipole 
antenna  aboard  a rocket  traveling  up  through  the  ionospheric  D- 
region.  The  Faraday  rotation  and  differential  absorption  experi- 
enced by  the  wave  can  be  used  to  deduce  both  electron  concentrations 
and  electron-neutral  collision  rates  in  the  D-region.  Faraday  rota- 
tion and  differential  absorption  were  numerically  calculated  for  a 
number  of  radio  frequencies  for  three  types  of  extreme  conditions 
such  as  occur  at  high  magnetic  latitudes.  Altitude  profiles  of 
these  quantities  provide  to  base  a selection  of  2 or  3 frequencies 
that  will  yield  maximum  information  on  electron  density  and  colli- 
sion rate,  based  on  the  expected  ionospheric  conditions.  The  pro- 
pagation experiment  proposed  employs  multiple  frequencies  together 
with  low  power  transmitters,  and  inexpensive,  movable  antennas. 
Signal  limitations  such  as  atmospheric  noise,  telemetry  error  and 
transmission  power  were  also  used  to  interpret  the  Faraday  rotation 
and  differential  absorption  curves  in  order  to  achieve  maximum 
accuracy.  The  results  of  this  analysis  are: 

1. )  For  high  electron  density  (PCA  conditions)  and  low 

collision  frequency  conditions,  wave  frequencies  of 
3.25,  10,  and  19  MHz  should  be  used. 

2. )  For  high  electron  density  and  high  collision  frequency 

conditions,  frequencies  of  3.25,  14,  and  25  MHz  should 
be  used. 

3. )  For  low  electron  density  and  low  collision  frequency 

conditions,  frequencies  of  3.25  and  4.25  MHz  are 
sufficient. 

4. )  For  low  electron  density  and  high  collision  frequency 

conditions,  3.25  and  6 MHz  frequencies  are  sufficient. 

A method  of  estimating  transmission  power  and  rocket  receiver 
range  requirements  (based  on  noise  levels)  were  developed,  as  well 
as  equations  by  which  coning  modulation  of  the  received  signal  can 
be  separated  from  actual  Faraday  rotation  and  differential  absorp- 
tion. A data  reduction  scheme  was  developed  to  remove  errors 
associated  with  motions  of  the  rocket. 


15 


BACKGROUND  SHORTWAVE  INFRARED  RADIATION  IN  THE  AURORAL  ZONE 
NIKE- JAVELIN  NJ-74-1 

On  11  April  1974  NJ-74-1  was  launched  from  the  Poker  Flat  Research 
Range,  Alaska,  to  investigate  the  background  shortwave  infrared  radiation 
in  the  auroral  zone.  The  vehicle  was  launched  into  quiet  night  conditions 
(no  aurora)  and  was  instrumented  with  a SWIR  spectrometer  which  scans  the 
short  wave  infrared  portion  of  the  electromagnetic  spectrum  using  a cir- 
cular variable  filter.  This  non-auroral  measurement  provided  control 
data  for  previously  acquired  short  wave  infrared  measurements  during  strong 
auroral  disturbances. 

A description  of  this  payload,  rocket  flight  and  measurements  results 
have  been  thoroughly  reported  in  the  following  document  and  will  not  be 
further  discussed  here. 


Wheeler,  N.B.,  A.T.  Stair,  Jr.,  G.  Frodsham,  and  D.J.  Baker, 

Rocket-borne  spectral  measurement  of  atmospheric  infrared 
emission  during  a quiet  condition  in  the  auroral  zone, 
AFGL-TR-76-0252,  HAES  Rept.  No.  32,  102  pp..  Air  Force 
Geophysics  Laboratory,  Hanscom  AFB,  Massachusetts,  Oct 
1976. 


Abstract 

A Nike-Javelin  rocket  (NJ-74-1)  was  launched  at  Poker  Flat, 
Alaska,  on  11  April  1974  at  0801  hours  UT  during  a non-auroral 
condition.  A near- zenith  spectral  radiance  profile  was  obtained 
from  54  km  to  an  apogee  of  118  km  down  to  about  85.6  km  on  descent, 
using  a circular  variable  filter  spectrometer.  About  464  spectral 
scans  were  obtained  during  flight,  covering  the  range  from  1.7  to 
5.4  pm  at  a resolution  of  about  4 percent.  The  dominant  emission 
feature  was  at  4.3  Pm,  which  is  attributed  to  the  CO ^3  fundamental. 
The  upward  viewed  spectral  radiance  of  3 MR/pm  at  118  km.  In  this 
report  are  given  the  first  quiet  condition  (no  aurora)  rocket  data 
in  the  auroral  zone. 
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■ [ 

DEVELOPMENT  OF  GERDIEN  CONDENSER  AND  RF  PROBES 
FOR  D-REGION  MEASUREMENTS 

ASTROBEE  D 30.413-1  AND  IC  503.22-1 

Two  similarly  instrumented  Astrobee  D payloads  were  used  as  described 
below  to  monitor  electron  and  positive  ion  density  in  the  ionospheric  D 
region.  The  payloads  were  launched  from  Poker  Flat,  Alaska,  and  each  was 
equipped  with  a Gerdien  condenser  and  Z9  probe  for  measurement  of  the 
desired  electron  and  ion  parameters,  and  with  a magnetometer  and  sun 
sensor  to  describe  vehicle  aspect.  The  payloads  were  developed  sequen- 
tially, with  Astrobee  D 30.413-1  as  the  initial  endeavor  and  IC  503.22-1 
being  developed  after  the  flight  of  the  first  rocket.  As  a result  of  the 
initial  flight,  significant  modifications  of  physical  design  were  incor- 
porated in  IC  503.22-1  to  make  the  payload  lighter  and  shorter  in  an 
attempt  to  extend  the  altitude  capability  to  a higher  level.  Table  4 
describes  the  two  vehicles  in  terms  of  length,  weight,  and  resulting 
apogee. 

TABLE  4 

ASTROBEE  D 30.413-1  AND  IC  503.22-1 
PAYLOADS  & APOGEES 


Vehicle 

Launch 

Date 

Launch 

Time 

Apogee 

Payload 

Weight 

Payload 

Length 

30.413-1 

11  Apr  74 

2338  (UT) 

83  km 

33  lb 

72" 

503.22-1 

26  Feb  75 

2250  (UT) 

103.5  km 

25  lb 

52h" 

No  data  were  received  from  the  flight  of  Astrobee  D 30.413-1  due  to 
peculiar  circumstances  accompanying  the  launch  of  the  vehicle.  The  pay- 
load  was  launched  into  stable  D-region  conditions  (no  disturbance)  during 
the  afternoon  hours.  When  the  ignition  pulse  was  sent  at  T = 0,  the 
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vehicle  motor  did  not  function.  At  T + 14  seconds,  power  was  removed  from 
the  payload  electronics  and  immediately  thereafter,  at  T + 16  seconds  the 
vehicle  motor  ignited,  resulting  in  a flight  with  no  power  to  the  payload. 

The  vehicle  was  skin  tracked  by  the  NASA  MPS-19  radar  for  114  seconds  (to 
approximately  79  km)  and  the  peak  altitude  was  calculated  to  be  about  83  km. 

As  a result  of  the  first  flight  Astrobee  D,  IC  503.22-1  was  developed 
to  attain  greater  altitude.  Figure  2 shows  the  overall  configuration  of 
this  payload  and  its  dimensions.  The  payload  of  this  vehicle  contained  a 
Gerdien  condenser  (AFGL  and  Tri-Con)  [Burt,  1967],  and  a Z-9  probe  [Burt, 
1972]  developed  and  built  by  Utah  State  University.  The  Z-9  probe  operated 
at  frequencies  of  3.0  MHz  and  7.2  MHz,  and  provided  outputs  relative  to 
Z x 1,  Z x 10  and  phase  angle.  The  Z-9  probe  used  all  of  the  payload  from 
the  TM  section  forward  against  the  Astrobee  D motor  as  the  dipole  antenna. 
Additionally,  this  instrument  provided  electron  density  measurements  at 
high  altitudes  (near  apogee)  where  the  atmospheric  density  was  insufficient 
for  the  Gerdien  condenser  mode  measurements.  As  can  be  seen  from  Figure  2, 
the  Gerdien  condenser  was  mounted  on  the  forward  portion  of  the  payload  and 
was  covered  by  an  ejectable  clamshell  nose  tip.  The  bottom  portion  of  the 
nose  tip  had  a ring  which  fit  into  a groove  provided  structural  integrity 
to  the  nose  tip  until  the  cone  segments  were  released.  The  two  cone  halves 
were  held  together  at  the  base  by  aircraft  cable  which  could  be  tightened 
from  the  outside  by  a screw.  The  cable  was  cut  by  a timer  controlled  guillo- 
tine to  release  the  nose  cone.  A brass  screw  (midway  up  the  nose  cone) 
which  also  held  the  two  halves  together  was  also  simultaneously  cut.  Vehicle 
attitude  and  dynamics  were  measured  by  a magnetic  aspect  sensor  mounted 
across  the  vehicle  spin  axis  and  a solar  aspect  sensor  (Bayshore  Systems 
Model  SS-11)  which  provided  aspect  with  respect  to  the  sun.  The  magneto- 
meter and  solar  sensor  were  oriented  in  the  same  direction  with  the  mag- 
netometer leads  going  the  opposite  direction  to  the  sensor  field  of  view. 

A 430  MHz  AACOM  ranging  receiver  was  also  included  in  this  payload 
to  provide  vehicle  tracking.  This  receiver  was  located  in  the  telemetry 
section  (immediately  behind  the  main  payload). 

The  IC  503.22-1  payload  was  launched  from  the  Poker  Flat  Research 
Range,  Alaska,  on  26  February  1975  at  2250  (UT) , into  quiet  ionosphere. 
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Figure  2.  Astrobee  D IC  503.22-1  payload  configuration 

midday  conditions.  This  flight  was  developmental  in  nature  and  was  pri- 
marily accomplished  as  a means  of  evaluating  the  experimental  technique 
for  obtaining  measurements  of  D-region  conductivity  preparatory  to  further 
future  investigation  of  polar  cap  absorption  events.  All  instruments 
aboard  the  payload  functioned  properly  and  provided  ionospheric  data. 

Good  telemetry  and  ranging  signals  were  received  for  the  entire  flight. 
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DEVELOPMENT  OF  A RESONANCE  LAMP  PROBE  SYSTEM 


FOR  MEASUREMENT  OF  ATOMIC  OXYGEN 
ASTROBEE  D 30- 413-4  AND  30.413-5 

Due  to  its  very  reactive  nature,  atomic  oxygen  number  density  is 
of  significant  importance  in  atmospheric  chemistry  from  stratospheric 
altitudes  upward.  Also  because  of  its  reactive  nature,  measurements  of 
atomic  oxygen  at  such  altitudes  are  difficult  to  achieve.  A new  technique 
to  accomplish  such  measurements  was  investigated  with  the  experimental 
payloads  of  Astrobee  D's  30.413-4  and  30.413-5.  This  technique  utilized 
the  large  resonance  scattering  cross-section  of  the  atomic  oxygen  resonance 
triplett  at  1304,  1306,  and  1308A.  The  ambient  atmospheric  atomic  oxygen 
was  excited  by  emissions  from  an  atomic  oxygen  lamp,  housed  within  the 
rocket  payload.  The  lamp  developed  to  produce  a high  intensity  emission 
from  an  optically  thin  source  was  RF  excited  and  modulated  at  a low  fre- 
quency to  provide  a means  of  discriminating  against  natural  background 
emission.  The  light  was  formed  into  a beam  which  was  viewed  by  a vacuum 
ultraviolet  detector  to  provide  the  measurements. 

The  two  payloads  developed  to  implement  this  technique  were  launched 
from  the  White  Sands  Missile  Range,  New  Mexico,  on  2 December  1975.  The 
theory  behind  this  technique,  development  of  the  payloads  and  their  appli- 
cation and  results  have  already  been  thoroughly  described  in  the  following 
report. 
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Howlett,  L.  Carl  and  Kay  D.  Baker,  Development  of  a rocket-borne 
resonance  lamp  system  for  the  measurement  of  atomic  oxygen, 
USU  Set.  Rept.  No.  5,  AFGL-TR-  , 81  pp. , Contract 

No.  F19628-74-C-0130,  Space  Science  Laboratory,  Utah  State 
University,  Logan,  Utah,  Aug  1977. 


Abstract 


Two  small  rocket  payloads  containing  atomic  oxygen  resonance 
lamps  and  detectors  were  flown  from  White  Sands  during  twilight  and 
night  conditions  on  2 December  1975  to  measure  atomic  oxygen  pro- 
files from  70  to  130  km.  The  payloads  each  consisted  of  a closed, 
flowing  rf  excited,  modulated,  oxygen  resonance  lamp  producing  on 
the  order  of  1013  photons/sec  sr  of  130.2,  130.4,  130.6  nm  oxygen 
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triplett  radiation.  The  emissions  were  generated  with  minimal  self 
reversal.  The  lamp  output  was  baffled  into  a beam  38°  wide  normal  to 
the  payload  axis.  A segment  of  this  beam  was  viewed  by  a photon 
counting  detector  designed  for  good  sensitivity  at  130  nm  while 
rejecting  Lyman-a  and  wavelengths  beyond  130  nm.  The  system  absolute 
calibration  was  achieved  by  two  totally  independent  techniques.  The 
first  technique  required  a knowledge  of  all  physical  parameters  associ- 
ated with  the  system;  i.e.,  lamp  intensity,  directivity,  spectrum, 
atomic  oxygen  scattering  cross  section,  temperatures,  overall  instru- 
ment geometry,  and  detector  quantum  efficiency.  The  second  technique 
utilized  the  measurement  of  zenith  5577  nm  intensity  at  the  time  of 
launch  and  an  atmospheric  model  to  place  the  absolute  scale  on  the 
measured  relative  0 profile.  Preliminary  calculations  of  absolute 
numbers  from  the  two  techniques  are  in  good  agreement. 

The  night  instrument  provided  the  capability  for  measurement  of 
densities  form  “VL  x 108  to  5 x 1012  atoms/cm3  and  the  day  instrument 
was  approximately  an  order  of  magnitude  less  sensitive.  The  night 
payload  in  particular  provided  a well-defined  atomic  oxygen  profile 
showing  significant  upper  D-region  structure.  Two  peaks  occurring  at 
approximately  91  and  98  km  were  apparent  in  both  up  and  down  leg  data 
from  this  flight. 


Two  scientific  papers  dealing  with  the  instrumentation  of  Astrobee  D 
30.413-4  and  30.413-5  and  with  analysis  of  the  results  obtained  from  the 
flights  of  these  vehicles  have  been  presented  to  the  scientific  community 
during  the  period  of  this  contract,  as  follows: 


Howlett,  L.C.,  K.D.  Baker,  J.C.  Ulwick,  and  R.A.  Young,  In-situ 
measurement  of  atomic  oxygen  by  the  resonant  scattering  of 
130.4  nm  radiation  from  an  on-board  source.  Paper  presented 
at  the  1976  Spring  Annual  Meeting  of  the  American  Geophysical 
Union,  Washington,  D.C.,  12-15  April  1976.  Abstract  in  EV'S, 
Trans.  Am.  Geophys.  Union,  57,  4,  301,  Apr  1976. 

Abstract 

Two  small  rocket  payloads  containing  atomic  oxygen  resonance 
lamps  and  detectors  were  flown  from  White  Sands  during  twilight  and 
night  conditions  on  2 December  1975  to  measure  atomic  oxygen  profiles 
from  70  to  130  km.  The  payloads  each  consisted  of  a closed,  flowing, 
rf  excited,  modulated,  oxygen  resonance  lamp  producing  on  the  order 
of  101 3 photons/sec  sr  of  oxygen  triplet  (130  nm)  radiation.  The 
lamp  output  was  baffled  into  a beam  38°  wide,  normal  to  the  payload 
axis.  A segment  of  this  beam  was  viewed  by  a photon  counting  detector 
designed  for  good  sensitivity  at  130  nm  while  rejecting  Lyman-a  and 
wavelengths  beyond  130  nm.  Preliminary  system  calibration  for  con- 
verting the  measured  photon  intensity  to  atomic  oxygen  density  was 
derived  by  a calculation  involving  optical  geometry,  scattering  cross 
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cross  sections  and  other  system  parameters.  This  was  checked 
for  consistency  with  the  measured  airglow  emissions. 

The  instrument  as  flown  at  night  provided  the  capability  for 
measurement  of  densities  from  about  108  to  1013  atoms/cm3  and  the 
day  instrument  was  approximately  an  order  of  magnitude  less  sensi- 
tive. Both  payloads  made  successful  measurements,  but  the  night 
payload  in  particular  provided  a well-defined  atomic  oxygen 
profile  with  a layer  with  a general  maximum  at  about  95  km,  although 
significant  structure  were  obvious  in  the  profile.  In  particular, 
a double  peak  was  observed  at  altitudes  of  about  91  and  98  km. 


Megill,  L.R. , L.C.  Howlett,  W.R.  Pendleton,  and  K.D.  Baker,  Struc- 
ture observed  in  atomic  oxygen  profiles,  Paper  presented  at 
the  1976  Spring  Annual  Meeting  of  the  American  Geophysical 
Union,  Washington,  D.C.,  12-15  April  1976,  Abstract  in  EOS , 
Trans.  Am.  Geophys.  Union,  57,  4,  301,  April  1976. 

Abstract 

Nighttime  and  twilight  0(3P)  concentrations  in  the  mesosphere 
and  lower  thermosphere  (75-127  km)  were  investigated  above  White 
Sands  Missile  Range,  New  Mexico,  on  2 December  1975  by  means  of 
Astrobee-D  rockets  instrumented  with  an  [Ol]  A1304-A  resonant- 
scattering system.  The  details  of  the  system  are  reported  in  a 
companion  paper. 

A direct  absolute  calibration  of  a resonant-scattering  system 
of  the  design  used  in  the  present  experiment  poses  a formidable 
experimental  problem  and  was  not  attempted  in  this  developmental 
effort.  Groundbased  measurements  of  the  [Ol]  A5577-A  nightglow 
intensity  are  compared  with  predictive  intensity  models  for  the 
A5577-A  emission  to  test  the  reliability  of  the  indirect  calibra- 
tion of  the  experimental  system. 

Fine  structure  in  the  inferred  variation  by  [o]  with  altitude 
was  detected  near  91  and  98  km  on  both  70-leg  and  down-leg.  The 
structure  in  the  vicinity  of  94  km  consists  of  a local  minimum 
similar  to  that  reported  by  Bolden  et  al.  [l974]  in  an  earlier, 
similar  experiment.  In  view  of  the  similarity  of  these  independent 
spatially  and  temporally  separated  results,  it  is  speculated  that 
this  local  minimum  in  the  [o]  height  profile  may  be  a semi- 
permanent feature.  Acceptance  of  this  feature  would  require  a 
revision  of  current  atmospheric  [o]  models.  Possible  consequences 
of  this  [o]  fine  structure  will  be  discussed. 


R.C.  Bolden,  P.H.G.  Dickenson,  and  R.A.  Young,  Nature,  252,  289, 
1974. 


MEASUREMENT  OF  THE  OH  AIRGLOW  LAYER 

ASTROBEE  D's  503.14-3,  30.311-5,  30.311-7,  30.311-8,  30.205-7 
AND  NIKE- JAVELIN  506.14-2 


Introduction 

Although  a number  of  ground-based  techniques  have  been  attempted 
over  the  years,  at  present  there  are  only  two  satisfactory  methods  of 
ascertaining  the  distribution  of  OH  airglow  emissions  with  altitude: 

1.  Measure  the  dependence  of  the  zenith  radiance  with  altitude 
by  flying  a rocket  with  an  onboard  sensor  through  the  layer. 

2.  Obtaining  an  exo-atmospheric  limb  scan  of  the  layer  from  a 
sensor  onboard  a rocket  or  satellite. 

The  first  method  has  the  advantages  of  a simple  aspect  geometry, 
elimination  of  long  path  absorption  or  stimulated  emission  effects, 
and  relief  from  the  need  for  very  narrow  fields  of  view  (at  least  in 
one  dimension)  with  extremely  good  out-of-field  rejection.  The  latter 
on  the  other  hand,  has  the  advantage  of  higher  signal  levels,  more 
nearly  simultaneous  observation  of  the  portions  of  the  profile,  obser- 
vation of  lateral  spatial  variations,  and  longer  observing  times  of 
the  layer. 

A number  of  OH  emission  altitude  profiles  available  to  date  have 
been  obtained  from  vertically-viewing  sensors  flown  aboard  rockets. 

The  technique  has  been  well  described  by  Packer  [1961].  A composite 
of  such  measurements  is  given  in  Figure  3.  These  measurements,  which 
were  made  in  the  visible  region  were  complicated  by  a background  con- 
tinuum as  well  as  the  usual  problem  of  unfolding  the  aspect  geometry 
[ Grieder  and  Whelan , 1976]. 

Measurements 

In  the  AFGL/USU  program  of  rocketborne  measurements  of  OH  altitude 
profiles,  emphasis  was  placed  on  infrared  rather  than  visible  range  ob- 
servations. The  primary  reason  was  to  alleviate  the  background  continuum 
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Figure  3.  Altitude  profiles  of  the  night-sky  airglow  OH  emission 
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and  auroral  emission  contamination  problems.  These  interfering  radiations, 
of  course,  have  different  altitude  distributions  than  do  the  OH^  emissions. 

The  infrared  rotation-vibration  bands  observed  were  those  of  the 
Av=2  sequence  resulting  from  spontaneous  radiative  transitions  within  the 
ground  electronic  state  (21T.  -*•  2fl.)  of  the  neutral  hydroxyl  radical.  These 
bands  occur  in  the  1.5  to  2.2  pm  range  and  most  of  the  sequence  can  be 
seen  from  the  ground  through  atmospheric  transmittance  windows.  The  photon 
radiance  of  this  sequence  is  comparable  with  that  of  the  fundamental  (Av=l) 
and  is  some  four  times  greater  \_Baker , 1975]  than  that  of  the  Av=3  sequence 
which  occurs  in  the  visible.  An  additional  advantage  is  that  the  entire 
first  overtone  band  sequence  can  be  observed  simultaneously,  with  a mini- 
mum of  band  overlapping,  using  a single  spectrometer. 

The  sensors  used  were  developed  in  the  USU  Electro-Dynamics  Labora- 
tories [ Wyatt  and  Kemp , 1973].  These  instruments  use  a bandpass  interfer- 
ence filter  in  front  of  an  indium  antimonide  solid  state  infrared  detector. 
The  incoming  radiation  is  chopped  and  the  detector  output  is  synchronously 
rectified  in  a phase-sensitive  amplifier.  The  optical  system  and  detector 
are  cooled  to  liquid  nitrogen  temperature  in  a closed  dewar  which  is 
opened  after  the  rocket  has  ascended  to  an  altitude  such  that  window 
frosting  or  heating  is  not  a problem.  A complete  technical  description 
of  the  spectrometer  version  of  the  USU  SWIR  sensors  is  being  published  by 
Wyatt  and  Frodsham  [1977]. 

A photograph  of  the  radiometer  is  shown  in  Figure  4 and  a schematic 
is  shown  in  Figure  5.  It  consists  of  an  optical  subsection  containing 
Indium  Antimonide  (InSb)  detectors,  collecting  optics,  and  interference 
filters  in  a cryogenic  dewar  cooled  to  near  liquid  nitrogen  temperature 
(77°K).  The  components  provide  two  independent  optical  channels,  which 
utilize  a common  optical  chopper  to  modulate  the  incident  radiation.  The 
system  has  an  ejectable  cold  cover  to  keep  the  optical  system  cold  and 
yet  protect  it  from  frosting  until  a suitable  altitude  (approximately  50  km) 
where  the  cover  is  ejected  along  with  the  payload  nose  tip,  thereby  ex- 
posing the  radiometers  (see  Figure  6) . 


Figure  4.  Liquid  nitrogen  cooled  OH  radiometer 
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Figure  5.  Schematic  of  liquid  nitrogen  cooled  OH  radiometer 


Figure  6.  Typical  ASTROBEE  D OH  payload 
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Filters  were  selected  (Figure  7)  to  obtain  simultaneous  measurements 
of  the  zenith  radiance  in  two  separate  wavelength  intervals.  This  makes 
it  possible  to  look  for  a different  altitude  distribution  for  OH^  (Av<6) 
than  for  the  OH^  (Av>6). 

The  4720  to  5400-cm-1  (Xl. 85-2.12  pm)  bandpass  includes  the  (8,6) 
and  (7,5)  emission  bands  of  OH,  and  the  5820  to  6075-cm"1  (XI. 64-1. 72  pm) 
bandpass  includes  the  OH  (5,3)  band.  A second  filter  of  bandpass  5960  to 
6820  cm-1  (Xl. 47-1. 68  pm)  has  also  been  employed  on  some  flights.  In 
order  to  obtain  the  OH  band  intensity  distribution,  it  would  be  desirable 
to  look  at  only  one  band  per  channel.  However,  this  simplification  is 
achieved  at  the  cost  of  signal-to-noise  ratio. 

Table  5 shows,  in  summary  form,  the  six  rocket  flights  that  were 
accomplished  under  the  suspices  of  this  contract  specifically  to  measure 
the  OH  airglow.  With  one  exception,  the  rockets  used  were  Astrobee  D's 
and  each  payload  carried  one  of  the  liquid  nitrogen  cooled,  two-channel 
radiometers.  In  addition,  a magnetometer  and  an  optical  aspect  sensor 
(sun  sensor)  were  included  as  part  of  each  payload  where  appropriate. 

The  payload  of  Astrobee  D IC  503.14-3  was  the  first  application  of  a new, 
baffled,  nitrogen  cooled,  dual-channel  radiometer  especially  designed  to 
be  included  in  the  payload  of  the  small  Astrobee  D rocket.  The  flight  was 
developmental  in  nature  with  the  radiometer  designed  to  measure  emissions 
of  OH  at  1.978  pm  and  1.684  pm  under  sunlit  conditions.  Profiles  of  day- 
time OH  levels  were  obtained  and  no  deletorious  effects  from  the  sun  on 
the  instrument  were  observed  until  rocket  tipover  on  descent. 

The  flights  of  these  vehicles  were  supplemented  by  ground-based 
measurements  of  the  hydroxyl  airglow.  A cryogenic  interferometer- 
spectrometer  covering  the  range  from  3500  to  6000  cm-1(Xl.5  to  2.7  pm) 
was  operated  at  a resolution  of  3 cm-1.  A dual-channel  radiometer  was 
operated  to  monitor  the  0H(5,3)  Meinel  and  0 (0,0)  IR  atmospheric  bands. 

In  addition,  diagnostic  photometers  were  used  to  monitor  key  species, 
such  as  the  0(X5577A)  green  line. 
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TABLE  5 

OH  MEASUREMENTS  UNDER  CONTRACT  F19628-74-C-0130 


Rocket 

Launch 

Date 

Launch 

Time 

Results 

IC  503.14-3* 

1 

Mar 

1975 

1600 

(AST) 

Good  baffle  test  (daylight) 
OH  profiles  at  1.978  pm 
and  1.683  pm 

IC  506.14-2** 

4 

Mar 

1975 

2239 

(AST) 

Good  OH  profiles  at 

1.978  Um  and  1.684  pm 

A30. 311-8* 

2 

Dec 

19  75 

0550 

(MST) 

Complete  data  at  1.978  pm 
Partial  data  at  1.684  pm 

A30. 311-5* 

2 

Dec 

1975 

0650 

(MST) 

Good  data  from  both  OH 
channels 

A30. 311-7* 

2 

Dec 

1975 

0900 

(MST) 

Good  data  from  both  OH 
channels 

A30. 205-7* 

2 

Dec 

1975 

1759 

(MST) 

Good  data  from  both  OH 
channels 

*Astrobee  D's 

**Nike- Javel In 
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Previous  Measurements 

In  Figure  8 the  volume  emission  rate  profiles  from  four  different 
flights  from  the  AFGL/USU  program  are  presented  [reported  by  Rogers  et  al. , 
1973;  Grieder  et  al.,  1973;  Baker  et  at.,  1973;  Grieder  et  al. , 1976; 

Ulwick  and  Grieder,  1976;  Baker,  1976;  Baker  et  al.,  1977].  Two  of  the 
profiles  were  made  under  night  conditions  at  the  U.S.  Army's  White  Sands 
Missile  Range  (WSMR)  in  New  Mexico.  The  other  two  profiles  were  obtained 
at  the  University  of  Alaska's  Poker  Flat  Research  Range  (PFRR)  in  Alaska. 

One  was  taken  during  the  night  and  the  other  at  evening  twilight.  In 
both  latter  cases,  although  the  measurements  were  taken  in  the  auroral 
zone,  quiet  conditions  prevailed  at  the  time.  In  Figure  9 the  profiles 
of  the  0H^(v<6)  band  measurements  of  three  of  the  flights  are  given,  as 
indicated. 

To  facilitate  the  comparison,  all  six  profiles  are  plotted  on  the 
same  scale  in  Figure  10.  The  apparent  emission  layer  centers  and  depths 
from  each  measurement  are  summarized  in  Table  6.  From  these  data  the 
layers  appear  as  Chapman-like  with  a usual  half- intensity  depth  of  about 
8 km.  It  would  also  appear  that  the  centers  (between  half  intensity 
points)  lie  between  84  and  89  km  in  altitude. 

There  is  evidence  that  during  evening  twilight  (x  = 80°  in  this 
case)  that  the  layer  is  formed  at  a slightly  lower  altitude  than  is  the 
case  at  nighttime  (X  = 116°).  However,  the  twilight  signal-to-noise 
ratios  of  the  measurement  are  much  lower  than  during  the  daytime  (Figure  8) , 
and  so  at  best  the  altitude  resolution  of  the  volume  emission  rate  profile 
is  several  kilometers.  The  volume  emission  rate  0 is  computed  from  the 
zenith  radiance  profile  using  \_3aker,  1974] 

U = 10  ^ (photons  sec-1  cm-3)  (1) 

where  R is  in  rayleighs  [megaphotons  sec-1 (cm-2  column)-1] and  the  alti- 
tude h is  in  km.  The  signal-to-noise  ratio  and  therefore  the  altitude 
resolution  of  the  slope  dR/dh  of  the  profile  is  much  lower  than  that  of 
the  zenith  radiance  profile  itself. 
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Randall  Murphy  (AFGL)  suggested  that  the  OH  volume  emission  rate 
profile,  computer  from  the  slope  of  the  measured  zenith  radiance  versus 
altitude  curve,  can  in  turn  be  used  to  calculate  the  altitude  profile  of 
atomic  oxygen  concentration.  This  technique  was  carried  out  by  Rogers 
et  at.  [1973]  and  Goode  [1976].  The  formula,  ignoring  deactivation  pro- 
cesses other  than  radiative  relaxation,  is 


[0]  = 


10  dR/dh 
epk[02][M] 


(cm-3) 


(2) 


where  R is  the  zenith  radiance  in  the  radiometer  filter  bandpass,  e is 
the  ratio  of  the  radiance  in  the  bandpass  to  the  total  radiance  form  OH^ 
at  all  wavelengths,  p = 3.9  is  the  production  efficiency  (number  of  pho- 
tons emitted  per  OH  molecule  formed),  k = 1.1  x 10-34  exp(500/T)  cm-6sec-1 

is  the  reaction  rate  for  the  formation  of  ozone  by  0+0  + M -*■  0 +M 

2 3 

and  [0  ],  [m]  are  the  concentration  of  molecular  oxygen  and  the  total 
atmosphere  (primarily  N2),  respectively. 

However,  recent  work  [ Bruce  et  al. , 1977;  Nagy  et  al. , 1976;  Streit 
and  Johnston,  1976]  has  shown  that  selective  quenching  of  OH  by  N2  cannot 
be  ignored.  In  order  to  model  the  situation  a general  cascading  set  of 
equations  needs  to  be  formulated  and  then  solved.  This  involves  pro- 
duction and  destruction  rates  for  each  vibrational  level  of  the  hydroxyl 
radical.  A set  of  first  order  coupled  differential  equations  composes 
the  cascade  set;  however,  in  the  case  of  the  quasi-steady  state,  the 
set  reduces  to  a linear  algebraic  set  of  equations  which  can  be  solved 
in  order  to  calculate  volume  emission  rates  for  the  airglow  bands  of 
interest . 

This  is  currently  being  accomplished  at  USU  using  computer-aided 
matrix  inversion  methods.  The  time-dependent  spectral  and  altitude 
distributions  of  the  OH  airglow  predicted  from  this  model  is  being  com- 
pared with  the  measurements. 

Table  7 summarizes  the  AFGL/USU  rocket  flights  to  date  to  measure  OH. 


Theoretical,  track  lost  at 
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Scientific  papers  dealing  with  the  application  and  results  of  this 
portion  of  the  F19628-74-C-0130  contract  have  been  presented  as  noted 
below. 


Bruce,  M.H.,  D.J.  Baker,  and  A.T.  Stair,  Jr.,  Hydroxyl  infrared 

airglow,  comparison  of  measurements  with  theoretical  models. 
Paper  presented  at  the  1976  Fall  Annual  Meeting  of  the 
American  Geophysical  Union,  6-10  December  1976,  San  Francisco, 
Calif.,  Abstract  published  in  EOS,  Trans.  Am.  Geophys.  Union , 

57,  12,  967,  Dec  1976. 

Abstract 

The  rotation-vibration  bands  of  0H(X2II)  airglow  are  analyzed 
both  from  measurements  and  from  models.  Two  different  chemilumi- 
nescent reactions  are  considered  for  initial  formation  of  vibra- 
tionally-excited  OH.  These  are  the  hydration  of  ozone, 

H + 03  -*  0H(v  < 9)  + 0 

and  the  reduction  of  perhydroxyl, 

HO  + 0 -*■  0H(v  < 6)  + 0 

2 2 

Loss  mechanisms  involving  the  thermally-averaged  (rotational  tempera- 
ture) Einstein  coefficients  of  Mies  are  used,  along  with  the  recently 
measured  quenching  coefficients  for 

N +0H*  -+  N * + OH, 

2 2 

as  well  as  the  reaction 

OH*  + 0 0 -f  OH  . 

2 

A general  cascading  problem  emerges  for  calculating  the  vibrational 
population  distributions.  These  distributions,  in  turn,  are  used  to 
predict  the  emission  as  distributed  spectrally,  spatially,  and  tem- 
porally. Matrix  methods  are  used  in  the  solution  and  an  error 
analysis  is  made  for  variances  in  the  input  data. 

An  atmospheric  transmittance  model  is  applied  to  spectral 
observations  of  the  Av=z  band  sequence  taken  from  the  ground.  These 
data  and  also  radiometric  data  taken  from  rockets  as  a function  of 
altitude  are  compared  with  the  theoretical  predictions  from  a dynamic 
atmospheric  photochemical  reaction  set  model. 
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Baker,  D.J.,  T.D.  Conley,  and  A.T.  Stair,  Jr.,  On  the  altitude 
of  the  OH  airglow.  Paper  presented  at  the  1977  Spring 
Annual  Meeting  of  the  American  Geophysical  Union,  30  May 
through  3 June,  Washington,  D.C.,  Abstract  published  in 
EOS,  Trans.  Am.  Geophys , Union,  58,  6,  460,  June  1977. 

Abstract 

Three  methods  have  historically  been  used  in  the  attempt  to 
ascertain  the  distribution  of  OH  airglow  emissions  with  altitude, 
namely,  (1)  ground-based  triangulation,  (2)  rocketborne  in-situ 
sensors,  and  (3)  exoatmospheric  limb  scans  from  satellites.  Recent 
rocketborne  measurements  using  sensitive,  near-infrared  sensors 
have  greatly  reduced  the  usual  problems  presented  by  backgrounds 
and  the  unfolding  of  the  aspect  geometry.  Radiometric  measurements 
have  been  made  of  the  Av=2  sequence  with  attention  given  to  the 
vibration-rotation  bands  originating  from  high  vibrational  quantum 
levels  (A  > 6) . This  made  it  possible  to  assess  both  the  effects 
of  reactions  which  might  compete  with  the  ozone  hydration  reaction, 

H + 03  ->■  OH*  + 0^  , and  the  effects  of  selective  quenching.  Measure- 
ments were  obtained  form  rocket  flights  at  both  high  latitude  and  at 
midlatitude.  From  these  data  profiles  were  calculated  confirming 
that  the  OH  airglow  appears  to  originate  from  a Chapman-like  layer. 
The  typical  half- intensity  depth  was  found  to  be  about  8 km  and  the 
center  of  the  layer  appears  to  range  from  about  84  to  89  km  in  alti- 
tude. A composite  of  the  AFGL/USU  measurements  is  shown  below. 


VOLUME  EMISSION  RATE  (m«gophoto*'«  »AC-'  c m_*> 
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DEVELOPMENT  OF  A SMALL  ROCKET  PAYLOAD 
FOR  VLF  PROPAGATION  STUDIES 

ASTROBEE  D 30.413-2 

Astrobee  D 30.413-2  was  launched  from  Pad  5 of  the  Poker  Flat 
Research  Range,  Alaska,  at  2325  on  12  April  1974  (UT)  into  an  afternoon, 
stable  D-region  condition.  The  purpose  of  the  flight  was  to  investigate 
VLF  radio  wave  propagation  through  the  ionospheric  D region. 

The  primary  payload  instrument  was  a very  low  frequency  (VLF)  re- 
ceiver tuned  to  receive  a uniquely  derived  signal  consisting  of  sequential 
pulses  of  approximately  28  KHz  and  31  KHz.  The  transmitted  signal  origin- 
ated at  a Naval  Electronics  Laboratory  (NELC)  transmitter  located  approxi- 
mately 20  miles  to  the  west  of  the  launch  site. 

The  fiber  glass  nose  section  of  the  payload  contained  a 45-turn  loop 
antenna  and  preamplifier.  The  signal  output  was  applied  to  a filter 
section  and  then  to  the  main  amplifier.  The  Megatek  Corporation  model 
5435  amplifier  used  for  this  application  required  +28  V at  28  ma  and  pro- 
vided a maximum  output  level  of  >3  V peak  to  peak  (into  3 K ohms).  Three 
selectable  gain  settings  were  provided  (94  db,  104  db  and  114  db)  and 
noise  in  a 6 KHz  bandwidth  was  equivalent  to  a field  strength  of  about 
100  Dv/meter  when  connected  to  the  NELC  loop.  The  outputs  of  the  amplifier, 
a magnetometer  and  other  payload  monitors  were  then  applied  to  telemetry. 

The  vehicle  obtained  an  apogee  of  129  Km  with  a total  flight  time  of 
350  seconds.  Only  slight  coning  action  occurred  until  the  vehicle  turned 
over  during  the  descent  portion  of  the  flight.  Some  signals  were  being 
received  by  the  payload  receiver  during  the  entire  flight,  but  a number 
of  spurious  noise  bursts  did  occur.  The  spin  rate  and  coning  angle  of 
the  vehicle  were  determined  from  the  magnetometer  output.  The  payload  did 
not  have  a recovery  package  and  no  attempt  was  made  to  retrieve  the  payload. 
Analysis  of  the  results  of  this  flight  are  being  accomplished  by  NELC 
personnel. 
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AMES  RESEARCH  CENTER 
MOFFETT  FIELD,  CA  94035 
ATTN  N-254-4  ILIA  G POPPOFF 

NASA 

AMES  RESEARCH  CENTER 
MOFFETT  FIELD,  CA  94036 
ATTN  N-254-3  NEIL  H FARLOW 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  C R BALCHER 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  H STONE 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  W A ORAN 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  CODE  ES22  JOHN  WATTS 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  W T ROBERTS 


NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  R D HUDSON 

NASA 

GEORGE  C MARSHALL 
SPACE  FLIGHT  CENTER 
HUNTSVILLE,  AL  35812 
ATTN  R CHAPPELL 

ALBANY  METALLURGY  RESCH  CENTER 
U S BUREAU  OF  MINES 
P.O.  BOX  70 
ALBANY,  OR  97321 
ATTN  ELEANOR  ARSHIRE 

CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI  RM  5G48  HQ  BLDG 
WASHINGTON  DC  20505 
ATTN  NED/0SI-2G4R  HQS 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  JAMES  DEVOE 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER 
STANLEY  ARRAMOWITZ 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  J COOPER 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  GEORGE  A SINNATT 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  K KESSLER 
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DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  M KRAUS S 


AERODYNE  RESEARCH,  INC 
BEDFORD  RESEARCH  PARK 
CROSBY  DRIVE 

BEDFORD,  MA  01731  ATTN  M 


DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  LEWIS  H GEVANTMAN 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  DC  20234 
ATTN  SEC  OFFICER  FOR 
ATTN  JAMES  DEVOE 

NATIONAL  OCEANIC  & ATMOSPHERIC  ADMIN 

ENVIRONMENTAL  RESEARCH  LABORATORIES 

DEPARTMENT  OF  COMMERCE 

BOULDER,  CO  80302 

ATTN  GEORGE  C REID  AERONOMY  LAB 

NAT  OCEANIC  & ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  FO  COMMERCE 
BOULDER,  CO  80302 
ATTN  ELDON  FERGUSON 


AERONOMY  CORPORATION 
217  S NEIL  STREET 
CHAMPAIGN,  IL  61820 
ATTN  A BOWHILL 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  N COHEN 

AEROSPACE  CORPARATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  HARRIS  MAYER 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  SIDNEY  W KASH 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  T WIDHOPH 


NAT  OCEANIC  & ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  FO  COMMERCE 
BOULDER,  CO  80302 
ATTN  FRED  FEHSENFELD 

AERO-CHEM  RESCH  LABS,  INC 
P.O.  BOX  12 
PRINCETON,  NJ  08540 
ATTN  A FONTIJN 

AERO-CHEM  RESCH  LABS,  INC 
P.O.  BOX  12 
PARINCETON,  NJ  08540 
ATTN  H PERGAMENT 

AERODYNE  RESEARCH,  INC 
BEDFORD  RESEARCH  PARK 
CROSBY  DRIVE 

BEDFORD,  MA  01731  ATTN  F BIEN 


AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  R J MCNEAL 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  R GROVE 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  IRVING  M GARFUNKEL 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  THOMAS  D TAYLOR 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  V JOSEPHSON 


CAMAC 
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AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  JULIAN  REINMEIMER 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 
LOS  ANGELES,  CA  90009 
ATTN  R D RAWCLIFFE 

AVCO-EVERETT  RESCH  LAB  INC  . 
2385  REVERE  BEACH  PARKWAY 
EVERETT,  MA  02149 
ATTN  TECHNICAL  LIBRARY 

AVCO-EVERETT  RESCH  LAB  INC 
2385  REVERE  BEACH  PARKWAY 
EVERETT,  MA  02149 
ATTN  GEORGE  SUTTON 

AVCO-EVERETT  RESCH  LAB  INC 
2385  REVERE  BEACH  PARKWAY 
EVERETT,  MA  02149 
ATTN  C W VON  ROSENBERG  JR 

BATTELLE  MEMORIAL  INSTITUTE 
505  KING  AVENUE 
COLUMBUS,  OH  43201 
ATTN  DONALD  J HAMMAN 

BATTELLE  MEMORIAL  INSTITUTE 
505  KING  AVENUE 
COLUMBUS,  OH  43201 
ATTN  DONALD  J HAM 

BATTELLE  MEMORIAL  INSTITUTE 
505  KING  AVENUE 
COLUMBUS,  OH  43201 
ATTN  STOIAC 

BATTELLE  MEMORIAL  INSTITUTE 
505  KING  AVENUE 
COLUMBUS,  OH  43201 
ATTN  RICHARD  K THATCHER 

BROWN  ENGINEERING  COMPANY  INC 
CUMMINGS  RESCH  PARK 
HUNTSVILLE,  AL  35807 
ATTN  N PASS I NO 

THE  TRUSTEES  OF  BOSTON  COLLEGE 
CHESTNUT  HILL  CAMPUS 
CHESTNUT  HILL,  MA  02167 
ATTN  CHAIRMAN  DEPT  OF  CHEM 
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BROWN  ENGINEERING  COMPANY  INC 
COMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 
ATTN  RONALD  PATRICK 

CALIFORNIA  AT  RIVERSIDE,  UNIV  OF 
RIVERSIDE,  CA  92502 
ATTN  ALAN  C LLOYD 

CALIFORNIA  AT  RIVERSIDE,  UNIV  OF 
RIVERSIDE,  CA  92502 
ATTN  JAMES  N PITTS  JR 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
3175  MIRAMAR  ROAD 
LA  JOLLA,  CA  92037 
ATTN  S C LIN 

CALIFORNIA  UNIVERSITY  OF 
BERKELEY  CAMPUS  ROOM  318 
SPROUL  HALL 
BERKELEY,  CA  94720 

ATTN  SEC  OFFICER  FOR  HAROLD  JOHNSTON 

CALIFORNIA  UNIVERSITY  OF 

BERKELEY  CAMPUS  ROOM  318 

SPROUL  HALL 

BERKELEY,  CA  94720 

ATTN  SEC  OFFICER  FOR  F MOZER 

CALIFORNIA  UNIVERSITY  OF 

BERKELEY  CAMPUS  ROOM  318 

SPROUL  HALL 

BERKELEY,  CA  94720 

ATTN  SEC  OFFICER  FOR  DEPT  OF  CHAM 

W H MILLER 

CALIFORNIA,  STATE  OF 
AIR  RESOURCES  BOARD 
9528  TELSTAR  AVENUE 
EL  MONTE,  CA  91731 
ATTN  LEO  ZAFONTE 

CALSPAN  CORPORATION 
P.O.  BOX  235 
BUFFALO,  NY  14224 
ATTN  C E TREANOR 

CALSPAN  CORPORATION 
P.O.  BOX  235 
BUFFALO,  NY  14221 
ATTN  G C VALLEY 


CALSPAN  CORPORATION 
P.O.  BOX  235 
BUFFALO,  NY  14221 
ATTN  M 8 DUNN 

CALSPAN  CORPORATION 
P.O.  BOX  235 
BUFFALO,  NY  14221 
ATTN  W WURSTER 

COLORADO,  UNIVERSITY  OF 
OFFICE  OF  CONTRACTS  AND  GRANTS 
380  ADMINISTRATIVE  ANNEX 
BOULDER,  CO  80302 
ATTN  A PHELPS  JILA 

COLORADO,  UNIVERSITY  OF 
OFFICE  OF  CONTRANCTS  AND  GRANTS 
380  ADMINISTRATIVE  ANNEX 
BOULDER,  CO  80302 
ATTN  JEFFREY  B PEARCE  LASP 

COLORADO,  UNIVERSITY  OF 
OFFICE  OF  CONTRANCT  AND  GRANTS 
380  ADMINISTRATIVE  ANNEX 
BOULDER,  CO  80302 
ATTN  C BEATY  JILA 

COLORADO,  UNIVERSITY  OF 
OFFICE  OF  CONTRACTS  AND  GRANTS 
380  ADMINISTRATIVE  ANNEX 
BOULDER,  CO  80302 
ATTN  C LINEBERGER  JILA 

COLORADO,  UNIVERSITY  OF 
OFFICE  OF  CONTRACTS  AND  GRANTS 
380  ADMINISTRATIVE  ANNEX 
BOULDER,  CO  80302 
ATTN  CHARLES  A BARTH  LASP 

COLUMBIA  UNIVERSITY,  THE  TRUSTEES 
IN  THE  CITY  OF  NEW  YORK 
LA  MONT  DOHERTY  GEOLOGICAL 
OBSERVATORY-TORREY  CLIFF 
PALISADES,  NY  19064 
ATTN  B PHELAN 

COLUMBIA  UNIVERSITY,  THE  TRUSTEES 
OF  THE  CITY  OF  NEW  YORK 
116TH  STREET  & BROADWAY 
NEW  YORK,  NY  10027 
ATTN  RICHARD  N ZARE 


COLUMBIA  UNIV,  THE  TRUSTEES  OF 

CITY  OF  NEW  YORK 

116TH  & BROADWAY 

NEW  YORK,  NY  10027 

ATTN  SEC  OFFICER  H M FOLEY 

CONCORD  SCIENCES 
P.O.  BOX  119 
CONCORD,  MA  01742 
ATTN  EMMETT  A SUTTON 

DENVER,  UNIVERSITY  OF 
COLORADO  SEMINARY 
DENVER  RESEARCH  INSTITUTE 
P.O.  BOX  10127  DENVER,  CO  80210 
ATTN  SEC  OFFICER  FOR  MR  VAN  ZYL 

DENVER,  UNIVERSITY  OF 

COLORADO  SEMINARY 

DENVER  RESEARCH  INSTITUTE 

P.O.  BOX  10127  DENVER,  CO  80210 

ATTN  SEC  OFFICER  FOR  DAVID  MURCRAY 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 
SANTA  BARBARA,  CA  93102 
ATTN  DASAIC 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 
SANTA  BARBARA,  CA  93102 
ATTN  WARREN  S KNAPP 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER) 
SANTA  BARBARA,  CA  93102 
ATTN  TIM  STEPHENS 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 
SANTA  BARBARA,  CA  93102 
ATTN  DON  CHANDLER 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QO) 
SANTA  BARBARA,  CA  93102 
ATTN  B CAMBILL 
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GENERAL  ELEC.  CO. 

SPACE  DIVISION 

VALLEY  FORGE  SPACE  CTR 

GODDARD  BLVD 

KING  OF  PRUSSIA 

P.O.  BOX  8555 

PHILADELPHIA,  PA  19101 

ATTN  M H BORTNER,  SPACE  SCIENCE  LAB 

GENERAL  ELEC.  CO. 

SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD.  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
ATTN  J BURNS 

GENERAL  ELEC.  CO. 

SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
ATTN  F ALYEA 

GENERAL  ELEC.  CO. 

SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
ATTN  P ZAVITSANDS 

GENERLA  ELEC.  CO. 

SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
ATTN  R H EDSALL 

GENERAL  ELEC.  CO. 

SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
ATTN  T BAURER 

GENERAL  RESEARCH  CORPORATION 
P.O.  BOX  3587 
SANTA  BARBARA,  CA  93105 
ATTN  JOHN  ISE  JR 


GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  D HENDERSON 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  J S WAGNER  PHYSICS  DEPT 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  B J WATKINS 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  T N DAVIS 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  R PARTHASARATHY 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 
ATTN  NEAL  BROWN 

LOWELL,  UNIVERSITY  OF 

CENTER  FOR  ATMOSPHERIC  RESEARCH 

450  AIKEN  STREET 

LOWELL,  MA  01854 

ATTN  G T BEST 

LOCKHEED  MISSILES  & SPACE  COMPANY 

3251  HANOVER  STREET 

PALA  ALTO,  CA  94394 

ATTN  JOHN  KUMER  DEPT  52-54 

LOCKHEED  MISSILES  & SPACE  COMPANY 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  KIMER  DEPT  52-54 

LOCKHEED  MISSILES  & SPACE  COMPANY 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  JOHN  B CLADIS  DEPT  52-12 
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LOCK  HEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PA1 r ALTO,  CA  94304 
ATTN  GILLY  M MCCORMAC  DEPT  52-54 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  TOM  JAMES  DEPT  52-54 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  J B REAGAN  D/52-12 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  MARTIN  WALT  DEPT  52-10 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  RICHARD  G JOHNSON  DEPT  52-12 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  ROBERT  D SEARS  DEPT  52-14 

LOCKHEED  MISSILES  & SPACE  CO 
3251  HANOVER  STREET 
PALO,  ALTO,  CA  94304 
ATTN  J R WINKLER 

INSTITUTE  FOR  DEFENSE  ANALYSE 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 
ATTN  ERNEST  BAUER 

INSTITUTE  FOR  DEFENSE  ANALYSE 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 
ATTN  HANS  WOLFHARD 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
ATTN  D ARCHER 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
ATTN  D FISCHER 


MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
ATTN  M SCHEIBE 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
ATTN  D SAPPENFIELD 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
ATTN  D SOWLE 

PHOTOMETRIC,  INC. 

442  MARETT  ROAD 
LEXINGTON,  MA  02173 
ATTN  IRVING  L KOFSKY 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  1069 
BERKELEY,  CA  94701 
ATTN  J B WORKMAN 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  1069 
BERKELEY,  CA  94701 
ATTN  A THOMPSON 

PHYSICAL  SCIENCES,  INC. 

30  COMMERCE  WAY 
WOBURN,  MA  01801 
ATTN  KURT  WRAY 

PHYSICAL  SCIENCES,  INC. 

30  COMMERCE  WAY 
WOBURN,  MA  01801 
ATTN  R L TAYLOR 

PHYSICAL  SCIENCES,  INC. 

30  COMMERCE  WAY 
WOBURN,  MA  01801 
ATTN  G CALEDONIA 

PHYSICS  INTERNATIONAL  COMPANY 
2700  MERCED  STREET 
SAN  LEANDRO,  CA  94577 
ATTN  DOC  CON  FOR  TECH  LIB 

PITTSBURGH,  UNIV  OF 
OF  THE  COMWLTH  SYS  OF  HIGHER  EDUC 
CATHEDRAL  OF  LEARNING 
PITTSBURGH,  PA  15213 
ATTN  WADE  L FITE 
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PITTSBURGH,  UNIVERSITY  OF 
OF  THE  COMWLTH  SYS  OF  HIGHER  EDUC 
CATHEDRAL  OF  LEARNING 
PITTSBURGH,  PA  15213 
ATTN  MANFRED  A BIONDI 

PITTSBURGH,  UNIVERSITY  OF 
OF  THE  COMWLTH  SYS  OF  HIGHER  EDUC 
CATHEDRAL  OF  LEARNING 
PITTSBURGH,  PA  15213 
ATTN  FREDERICK  KAUFMAN 

PITTSBURGH,  UNIVERSITY  OF 
OF  THE  COMWLTH  SYS  OF  HIGHER  EDUC 
CATHEDRAL  OF  LEARNING 
PITTSBURGH,  PA  15213 
ATTN  EDWARD  GERJUOY 

PRINCETON  UNIV,  THE  TRUSTEES  OF 
FORRESTAL  CAMPUS  LIBRARY 
BOX  710 

PRINCETON  UNIVERSITY 
PRINCETON,  NJ  08540 
ATTN  ARNOLD  J KELLY 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  RICHARD  LATTER 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  R G LINDGREN 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  BRYAN  GABBARD 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  H A DRY 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  ROBERT  E LELEVIER 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  R P TURCO 


R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  ALBERT  L LATTER 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  FORREST  GILMORE 

R & D ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
ATTN  D DEE 

R & D ASSOCIATES 
1815  N.  FT.  MYER  DRIVE 
11TH  FLOOR 
ARLINGTON,  VA  22209 
ATTN  HERBERT  J MITCHELL 

R & D ASSOCIATES 
1815  N.  FT.  MYER  DRIVE 
11 TH  FLOOR 
ARLINGTON,  VA  22209 
ATTN  J W ROSENGREN 

RAND  CORPORATION 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
ATTN  CULLEN  CRAIN 

SCIENCE  APPLICATIONS,  INC. 

P.O.  BOX  2351 
LA  JOLLA,  CA  92038 
ATTN  DANIEL  A HAMLIN 

SCIENCE  APPLICATIONS,  INC. 

P.O.  BOX  2351 
LA  JOLLA,  CA  92038 
ATTN  DAVID  SACHS 

SPACE  DATA  CORPORATION 
1331  SOUTH  26TH  STREET 
PHOENIX,  AZ  85034 
ATTN  EDWARD  F ALLEN 

STANFORD  RSCH  INSTITUTE  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 
ATTN  M BARON 
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STANFORD  RSCH  INSTITUTE  INTL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 
ATTN  L LEADABRAND 

STANFORD  RSCH  INSTITUTE  INTL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 
ATTN  WALTER  H CHESTNUT 

STANFORD  RSCH  INSTITUTE  INTL 
1611  NORTH  KENT  STREET 
ARLINGTON,  VA  22209 
ATTN  WARREN  W BERNING 

STANFORD  RSCH  INSTITUTE  INTL 
1611  NORTH  KENT  STREET 
ARLINGTON,  VA  22209 
ATTN  CHARLES  HULBERT 

TECHNOLOGY  INTL  CORPORATION 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 
ATTN  W P BOQUIST 

UNITED  TECHNOLOGIES  CORP 
755  MAIN  STREET 
HARTFORD,  CT  06103 
ATTN  H MICHELS 

UNITED  TECHNOLOGIES  CORP 
755  MAIN  STREET 
HARTFORD,  CT  06103 
ATTN  ROBERT  HBULLIS 

UTAH  STATE  UNIVERSITY 
LOGAN,  UT  84321 
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